SUMMARY. Despite the popularity of fountain grass (Pennisetum alopecuroides) as a landscape perennial, little research has been conducted on nursery management practices that maximize its overwintering survival and subsequent spring vigor in container production systems. An experiment was conducted to determine the effect of protective covers (a double layer of insulation fabric, a double layer of insulation fabric plus a single sheet of white polyethylene plastic, or no cover), fertilizer application rate (high and low), and substrate moisture content (irrigated when substrate volumetric water content (VWC) fell below 15% and 25%) on the survival rate and vigor of container-grown fountain grass: straight species fountain grass (SFG), 'Hameln' fountain grass (HFG), and 'Little Bunny' fountain grass (LBFG). Plants were overwintered in a coldframe and were evaluated for survival rate (percent that survived the winter) and vigor (visual rating scale 1 to 5) the following spring. Survival rate and vigor ratings varied among species. However, the highest survival rates (generally 75% or greater) and vigor ratings (generally 3 or greater) were in treatments that used protective covers, though there was not a clear advantage to using white polyethylene in addition to the double layer of insulation fabric. In treatments that used either of the protective covering methods and the high fertilizer application rate, 25% or less of LBFG survived and had vigor ratings of 1.3 or less. In contrast, 75% of LBFG survived when the low fertilizer rate was used in conjunction with either protective covering method. Substrate moisture content only affected the survival rates of SFG and HFG when no protective cover was used, although these survival rates were less than those with covers. These results suggest that protective covers may serve as a tool to minimize winter damage and improve crop quality for the species used in this trial. Because of the varied capacity among these cultivars to tolerate different fertilizer rates and substrate moisture contents, it is recommended that growers use the results of this study as a baseline for conducting site evaluations to determine overwintering techniques that maximize survival and vigor on their facilities.
1 ADDITIONAL INDEX WORDS. Pennisetum alopecuroides, cold hardiness, perennial, ornamental grass, nursery production SUMMARY. Despite the popularity of fountain grass (Pennisetum alopecuroides) as a landscape perennial, little research has been conducted on nursery management practices that maximize its overwintering survival and subsequent spring vigor in container production systems. An experiment was conducted to determine the effect of protective covers (a double layer of insulation fabric, a double layer of insulation fabric plus a single sheet of white polyethylene plastic, or no cover), fertilizer application rate (high and low), and substrate moisture content (irrigated when substrate volumetric water content (VWC) fell below 15% and 25%) on the survival rate and vigor of container-grown fountain grass: straight species fountain grass (SFG), 'Hameln' fountain grass (HFG), and 'Little Bunny' fountain grass (LBFG). Plants were overwintered in a coldframe and were evaluated for survival rate (percent that survived the winter) and vigor (visual rating scale 1 to 5) the following spring. Survival rate and vigor ratings varied among species. However, the highest survival rates (generally 75% or greater) and vigor ratings (generally 3 or greater) were in treatments that used protective covers, though there was not a clear advantage to using white polyethylene in addition to the double layer of insulation fabric. In treatments that used either of the protective covering methods and the high fertilizer application rate, 25% or less of LBFG survived and had vigor ratings of 1.3 or less. In contrast, 75% of LBFG survived when the low fertilizer rate was used in conjunction with either protective covering method. Substrate moisture content only affected the survival rates of SFG and HFG when no protective cover was used, although these survival rates were less than those with covers. These results suggest that protective covers may serve as a tool to minimize winter damage and improve crop quality for the species used in this trial. Because of the varied capacity among these cultivars to tolerate different fertilizer rates and substrate moisture contents, it is recommended that growers use the results of this study as a baseline for conducting site evaluations to determine overwintering techniques that maximize survival and vigor on their facilities. O rnamental grasses have recently increased in popularity in the landscape and nursery industry (Cameron, 2004; Thetford et al., 2009 ). Most ornamental grasses are grown in containers, and are inherently more susceptible to winter damage from exposure to cold or freezing temperatures than fieldgrown plants (Perry, 1998 (Dimke et al., 2008) . Under these conditions, growers may use thermal blankets, unheated coldframes, and heated greenhouses to protect container-grown plants from damaging winter temperatures (Smith, 2004) .
Several cultural factors, such as the use of substrate moisture content (Smith, 2004) , protective covers (Perry, 1998) , and fertility level (Bilderback and Bir, 2007) have been identified to affect the overwintering survival and spring vigor of containergrown plants. However, the optimal management of these factors for the production of fountain grass has not been identified. Further research on this topic may lead to economical improvements in overwintering survival and subsequent spring vigor for fountain grass growers.
This study was conducted to determine the effect of substrate moisture content, protective covers, and fertilizer application rate on the survival rate and vigor for SFG and two dwarf selections of fountain grass, HFG and LBFG; we use the term ''cultivars'' to refer to the group. Plants were selected based on popularity, availability, and grower-reported problems with overwintering (I. ; 5-to 6-month longevity; Harrell's, Lakeland, FL) was incorporated into a portion of the substrate for a total of 12 lb/yard 3 CRF, which served as the high rate. Substrate solution was collected 2 weeks after transplanting (15 Sept. 2009 ) and during the following spring (15 May 2010) via the pourthrough extraction method (Wright, 1986) . A handheld meter (HI9812; Hanna Instruments, Woonsocket, RI) was used to determine the pH and electrical conductivity (EC) of the substrate solution (Table 2) . SUBSTRATE MOISTURE CONTENT. Substrate V WC was measured twice per week by inserting a soil moisture probe (WaterScout Ò SM 100; Spectrum Technologies) 8 cm into the substrate. The results of a preliminary dry-down experiment (data not shown) were used to set a wet and dry (25% and 15% V WC, respectively) threshold. When the substrate of five randomly sampled containers was at or below the respective threshold, the plants received overhead irrigation that generated a leaching fraction of 20% to 30%. PROTECTIVE COVERING. At the onset of dormancy (determined at point when foliage of all plants had turned light tan), 1 Dec. 2009, plants received one of three protective covering treatments including 1) a double layer of 1.5-oz/yard 2 insulation fabric (N-Sulateä; DeWitt Co., Sikeston, MO), 2) a double layer of insulation fabric plus a single sheet of 4-mil white polyethylene (Ginegar Plastic Products) placed above the insulation fabric, or 3) a control treatment, receiving no protective cover. Covers were applied when the overnight temperature was forecast to be -6.6°C or lower. The covers were removed when the temperature was above this threshold, as recommended by Still et al. (1987) .
EXPERIMENTAL DESIGN, DATA COLLECTION, AND ANALYSIS. The experiment was a 2 (substrate moisture content) · 3 (covering) · 3 (cultivar) · 2 (fertilizer rate) factorial, arranged as a split-plot design with substrate moisture content as a whole plot factor, and covering as the subplot factor, with plant cultivar as the sub-subplot factor and fertilizer rate as the sub-subsubplot factor (Fig. 1) cultivars and fertilizer rate treatments were blocked within each subplot factor of covering. On 15 May 2010, plants were evaluated to determine the percent survival. At this time plants were also given a vigor rating, using a visual scale of 1-5 developed by Cunliffe and Meyer (2002) (Fig. 2 ). Data were analyzed as a split-plot design with substrate moisture as the whole plot, cover as the subplot, cultivar as the sub-subplot and fertility rate as the sub-sub-subplot. An analysis of variance was performed using JMP (version 8; SAS Institute, Cary, NC) using the full factorial response design. Mean comparisons were performed using Tukey's honest significant difference test.
Results and discussion
Substrate moisture, covering, cultivar selection, and fertility all influenced the vigor rating of container-grown fountain grasses (Table 2 ). Cultivar selection proved to have a strong influence on the spring vigor of the overwintered grasses, regardless of substrate moisture, covering, or fertility. 'Hameln' fountain grass received the highest vigor rating (3.0), SFG showed a slight, yet significant reduction in rating (2.7), whereas LBFG received the lowest vigor rating (1.3). 'Little Bunny' had the lowest overall survival rate (Table 3) , which is reflected in the low vigor rating (dead plants were given a vigor rating of 1). A saleable plant would have a rating of 4 or greater (defined as having growth more than half the diameter of the old crown; Fig. 2 ). However, all plants in our study averaged a vigor rating of 3.0 or less. This was expected, as cultivars were selected that were specifically identified by growers as having difficulty overwintering, which was evident in our results.
For all of the cultivars, the covered plants rated significantly higher in both vigor and survival percentage than the uncovered plants, though cover type (insulation alone or insulation + polyethylene) was not influential ( Table 2 ). The higher percentage of plants that survived when either protective covering method was used, relative to when no cover was used, may have resulted from a temperature buffering effect induced by the protective covers. Perry (1998) stated that protective covers in a coldframe may create a microclimate around plants, where the air under the cover may be 4.4 to 5.5°C warmer than the air above the cover. The temperature data from this study revealed a similar effect, as the air temperature under the cover was 3°C warmer than the air outside of the cover when a double layer of insulation fabric was used, and 1.5°C higher when a double layer of insulation fabric + white polyethylene was used (Table 1) . A similar effect was seen with regard to substrate temperature, in that the minimum substrate Table 2 . Effect of substrate moisture, covering, cultivar selection, and fertility on the vigor rating of container-grown fountain grasses including fountain grass (straight species) (SFG), 'Hameln' fountain grass (HFG), and 'Little Bunny' fountain grass (LBFG) overwintered in a coldframe, when using one of three protective covering treatments: a double layer of 1.5-oz/yard 2 (50.86 gÁm L2 ) insulation fabric, a double layer of insulation fabric plus a single sheet of 4-mil (0.1 mm) white polyethylene film (poly) placed above the insulation fabric, or a control treatment (no cover). Cunliffe and Meyer (2002) . y Substrate moisture treatments were wet [25% volumetric moisture content (VMC)] or dry (15% VMC).
x Means within the same column followed by the same letter are not significantly different at a = 0.05 by Tukey's honestly significant difference multiple comparison at P < 0.05. w Low and high controlled-release fertilizer rates were incorporated at 7 and 12 lb/yard 3 , respectively; 1 lb/yard 3 = 0.5933 kgÁm -3 .
• December 2015 25 (6) temperature was %6.7°C higher in treatments that involved either protective covering method, as compared with treatments without cover (Table 1) . This temperature buffering effect may have reduced crop exposure to extreme air and substrate temperatures, and subsequently reduced winter damage to plant tissue. Fertility levels influenced both the vigor and survival percentage of all cultivars of fountain grass used in the study. The higher fertility treatment resulted in reduced vigor ratings for each cultivar (Table 2 ) and reduced the percentage of plants that survived (Table 3) . A limited amount of research has been published on fertilizer management strategies that maximize the overwinter survival rate of fountain grass. However, some grower-led trials have suggested that a relatively low fertilizer application rate that resulted in a substrate solution EC of 0.6 to 1.5 mSÁcm -1 was optimal (Emerald Coast Growers, 2010; Proven Winners, 2011; Walters Gardens, 2011) . In this study, substrate solution EC was higher than the grower-recommended range at 2 weeks after transplanting (data not shown). However, by the end of the study, substrate solution EC was generally within the growerrecommended range for the low fertilizer application rate and slightly above range for the high fertilizer application rate. These findings suggest a relationship between substrate solution EC and the overwinter survival of fountain grass.
When no cover was used, fertility did not have a significant impact on vigor rating; however, this is could be a result of the low survival rate of the uncovered plants. Therefore, a higher number of vigor ratings of a ''1,'' as opposed to a fertility response. There were no significant interactions between substrate moisture and cultivar, cover, or fertility; therefore, data were pooled to analyze the effect of substrate moisture on plant vigor. The wet substrate moisture treatment resulted in a higher vigor rating than the dry substrate moisture (Table 2) . Although significant, the difference in the ratings was minimal; 2.5 and 2.2 for wet and dry, respectively. Further compounding the reliability of the substrate moisture significance is the negligible difference in substrate moistures throughout the winter. Although we had planned to irrigate the treatments when the average substrate moisture fell below 25% and 15% VWC, the fountain grasses needed few irrigations throughout the winter to remain above the set thresholds (Fig. 3) . Therefore, the difference in substrate moisture was not as significant as planned. Additional research, with a wider range of substrate moisture contents, is needed before drawing definitive conclusions on how substrate moisture affects the overwintering vigor of fountain grasses. ) insulation fabric, a double layer of insulation fabric plus a single sheet of 4-mil (0.1 mm) white polyethylene film (poly) placed above the insulation fabric, or a control treatment (no cover)] as the subfactor, and two fertilizer treatments (low and high) as the sub-subfactor. Fountain grass straight species (sp.) along with fountain grass cultivars Hameln and Little Bunny were blocked within each subfactor of covering. There were six replications of each fertilizer treatment. Buffer plants were used to surround each covering treatment to minimize edge effects. 
Conclusion
In general, the most favorable survival rates and vigor ratings were observed in treatments that involved protective covers and low fertility rates. However, the results did not suggest an advantage to using a double layer of insulation fabric and white polyethylene over only a double layer of insulation fabric. Although our study suggests that using a protective cover and low fertility can improve vigor ratings, generally the plants in this study were rated below what is considered marketable (vigor rating of 4 or greater). In regions where temperatures can drop below freezing for an extended period of time, cultivar selection may prove the most important tool in minimizing overwintering losses. Because of variability in growing sites and winter conditions, it is recommended that growers use the results of this study only as a baseline to conduct site evaluations to determine the conditions that maximize survival and vigor for the cultivars they grow. Table 3 . The percent survival rate of container-grown fountain grass including the straight species (SFG), 'Hameln' fountain grass (HFG), and 'Little Bunny' fountain grass (LBFG) overwintered in a coldframe, when using one of three protective covering treatments: a double layer of 1.5-oz/yard 2 (50.86 gÁm L2 ) insulation fabric, a double layer of insulation fabric plus a single sheet of 4-mil (0.1 mm) white polyethylene film (poly) placed above the insulation fabric, or a control treatment (no cover); two rates of controlled-release fertilizer (CRF), and two substrate moisture levels. 
